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Abstract
Background: Evidence from controlled trials
encourages the intake of dietary pulses (beans,
chickpeas, lentils and peas) as a method of
improving dyslipidemia, but heart health
guidelines have stopped short of ascribing specific benefits to this type of intervention or
have graded the beneficial evidence as low.
We conducted a systematic review and metaanalysis of randomized controlled trials (RCTs)
to assess the effect of dietary pulse intake on
established therapeutic lipid targets for cardiovascular risk reduction.
Methods: We searched electronic databases
and bibliographies of selected trials for relevant articles published through Feb. 5, 2014.
We included RCTs of at least 3 weeks’ duration that compared a diet emphasizing
dietary pulse intake with an isocaloric diet
that did not include dietary pulses. The lipid
targets investigated were low-density lipopro-
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bnormal blood concentrations of lipids
are one of the most important modifiable risk factors for cardiovascular disease. Although statins are effective in reducing
low-density lipoprotein (LDL) cholesterol levels,
major health organizations have maintained that
the initial and essential approach to the prevention and management of cardiovascular disease
is to modify dietary and lifestyle patterns.1−4
Dietary non–oil-seed pulses (beans, chickpeas,
lentils and peas) are foods that have received particular attention for their ability to reduce the risk
of cardiovascular disease. Consumption of dietary
pulses was associated with a reduction in cardiovascular disease in a large observational study5
and with improvements in LDL cholesterol levels
in small trials.6−8 Although most guidelines on the
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tein (LDL) cholesterol, apolipoprotein B and
non–high-density lipoprotein (non-HDL) cholesterol. We pooled data using a randomeffects model.
Results: We identified 26 RCTs (n = 1037) that
satisfied the inclusion criteria. Diets emphasizing
dietary pulse intake at a median dose of 130 g/d
(about 1 serving daily) significantly lowered LDL
cholesterol levels compared with the control
diets (mean difference −0.17 mmol/L, 95% confidence interval −0.25 to −0.09 mmol/L). Treatment effects on apolipoprotein B and non-HDL
cholesterol were not observed.
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Interpretation: Our findings suggest that
dietary pulse intake significantly reduces LDL
cholesterol levels. Trials of longer duration and
higher quality are needed to verify these
results. Trial registration: ClinicalTrials.gov,
no. NCT01594567

prevention of major chronic diseases encourage
the consumption of dietary pulses as part of a
healthy strategy,2,3,9−13 none has included recommendations based on the direct benefits of lowering lipid concentrations or reducing the risk of
cardiovascular disease. In all cases, the evidence
on which recommendations have been based was
assigned a low grade,2,3,9−13 and dyslipidemia guidelines do not address dietary pulse intake directly.1,4
To improve the evidence on which dietary
guidelines are based, we conducted a systematic
review and meta-analysis of randomized controlled trials (RCTs) of the effect of dietary pulse
intake on established therapeutic lipid targets for
cardiovascular risk reduction. The lipid targets
were LDL cholesterol, apolipoprotein B and non–
high-density lipoprotein (non-HDL) cholesterol.

CMAJ

1

Research
Methods
We followed the protocol outlined in the Cochrane
Handbook for Systematic Reviews of Interventions.14 We report our findings in accordance with
the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) statement.15
The protocol for our study is available at ClinicalTrials.gov (registration no. NCT01594567).
Data sources
One of us (V.H.) searched MEDLINE, Embase,
the Cochrane Central Register of Controlled Trials and CINAHL databases and manually
searched bibliographies of published studies
through Feb. 5, 2014, to identify relevant studies.
Uncertainty was resolved through discussion and
consensus with senior authors (R.J.d.S., J.L.S.
and D.J.A.J.). Details of the search strategy are
shown in Appendix 1 (available at www.cmaj.ca
/lookup/suppl/doi:10.1503/cmaj.131727/-/DC1).
Study selection
We included RCTs involving any population
(healthy or unhealthy) that examined the effects
of dietary pulses compared with an isocaloric
diet without dietary pulses on LDL cholesterol,
apolipoprotein B and non-HDL cholesterol levels. The follow-up period had to have been at
least 3 weeks, a duration that satisfies the minimum follow-up requirement of the US Food and
Drug Administration (FDA) used in the scientific
evaluation of lipid-lowering health claims. 16
Studies that examined only whole dietary non–
oil-seed pulses (beans, chickpeas, lentils and
peas) were included. We excluded trials of
peanuts and soybeans because of their high oil
content, and studies of pulse extracts. We
included trials in which dietary pulse intake was
not the sole intervention but was the dominant
intervention used to achieve the study goals. The
selected outcomes included ones that have been
identified as therapeutic lipid targets in major
American and Canadian cardiovascular and diabetes guidelines.1−4
One of the trials that we included was quasi-randomized.17 We attempted to reduce bias and reanalyzed the findings from the study by randomly
assigning participants to either the treatment or
control group in a parallel study design stratified by
baseline total cholesterol level and age.
Data extraction and quality assessment
Studies that met the inclusion criteria had their
study characteristics and results extracted by 3
independent reviewers (V.H., R.J.d.S. and V.H.J).
An overall 10-year Framingham risk score for
coronary artery disease was calculated separately
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for men and women for each study.1 Participants
were assumed to be at a higher risk for a particular domain when information for that domain
was missing.
We assessed the methodologic quality of each
report using the Heyland Methodological Quality
Score.18 Studies given a score of 8 or higher out
of 13 possible points were considered high quality. We also assessed the reports for risk of bias
using the Cochrane risk-of-bias tool.19 Studies
were considered to have a high risk of bias across
dimensions if the methodologic flaw was likely to
have affected the true outcome, a low risk if the
study’s methodologic flaw was deemed inconsequential to the true outcome and an unclear risk if
insufficient information was provided to assess
risk of bias.
All disagreements were resolved by consensus.
Data synthesis and analysis
We used Review Manager 5.0.25 to analyze the
data. We conducted pooled analyses using the
generic inverse variance method with randomeffects weighting. Data were expressed as mean
differences with 95% confidence intervals (CIs).
To mitigate the unit-of-analysis error from
including a trial with multiple intervention arms,20
we combined the intervention arms in the trial to
create a single pairwise comparison. To impute
standard deviations for between-treatment differences in crossover trials, we derived correlation
coefficients between baseline and end-of-treatment values within each trial using a published
formula.21 A correlation of 0.72 was calculated
for the analysis of LDL cholesterol; a correlation
coefficient of 0.5 was assumed for non-HDL cholesterol owing to a lack of data, with sensitivity
analyses done at 0.25 and 0.75. When trials did
not report change-from-baseline differences
within or between treatments, or end-differences
between treatments, we imputed these values
from the available data using standard formulas.14
When required, we tried to obtain additional
information from the authors of the studies. A 2sided p value of less than 0.05 was set as the level
of significance.
When the non-HDL cholesterol level was not
reported in a trial, we calculated it from aggregate data by subtracting HDL cholesterol from
total cholesterol values.
We used the Cochran Q statistic to assess, and
the I2 statistic to quantify inter-study heterogeneity (threshold p < 0.10). An I2 value of 50% or
higher was considered to be evidence of substantial heterogeneity and a value of 75% or higher,
considerable heterogeneity. We explored sources
of heterogeneity using a priori subgroup analyses
according to baseline cholesterol values, dose of
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dietary pulse, type of dietary pulse, duration of
follow-up, difference in fibre content and saturated fat between the intervention and control
diets, study design (crossover or parallel) and
methodologic quality score. We also conducted
post-hoc subgroup analyses by sex and baseline
triglyceride levels to explore sources of interstudy heterogeneity further. To determine
whether any single trial exerted an undue influence on the overall results, we conducted sensitivity analyses in which each study was removed
and the effect size recalculated.
We assessed publication bias by visually
inspecting funnel plots and formally testing their
asymmetry using the Begg rank correlation test
and the Egger linear regression test. We also
used the trim-and-fill method to test for undue
influence of small-study effects on the effect size
of our primary analysis.

intake was 20 (range 13–47) g/d in the control
diets and 26 (range 17–53 g/d) in the intervention diets; the median saturated fat intake was
11% energy (range 5%–15%) in the control
diets and 11% energy (range 5%–15%) in the
intervention diets.
The method of increasing dietary pulse intake
while maintaining caloric balance between the
study arms differed across protocols: 15 trials
replaced non–dietary pulse carbohydrates (e.g.,
bread products, canned spaghetti, oat bran), 5 trials replaced animal protein, 3 trials emphasized
dietary pulse intake to achieve a low-glycemic
diet, and 3 did not specify the method. Three trials were weight-loss interventions designed to
reduce total caloric intake by 30%–35%. The
diets were metabolically controlled (all foods
were provided) in 5 trials, partially controlled
(only test foods were provided) in 17 trials and

Results
Search results and study characteristics
Our search identified 3080 reports, of which 22
(26 RCTs) were selected for our meta-analysis
(Figure 1).6−8,17,20,22−33,34,35,36−38
The characteristics of the 26 trials (n = 1037)
are summarized in Table 1 (the full table of characteristics is available in Appendix 2, at www
.cmaj.ca/lookup/suppl/doi:10.1503/cmaj.131727
/-/DC1). Eight trials selected patients with hyperlipidemia, 3 had patients with normal lipid profiles, and 15 trials included a combination. The
median age of participants was 51.1 years, and
the number of men and women was about equal
overall. At baseline, the median LDL cholesterol
was 3.50 mmol/L and non-HDL cholesterol
4.34 mmol/L. Studies had a median of 3 Framingham risk factors associated with risk of coronary artery disease, which implicated a moderate
risk level (i.e., 10-year risk ≤ 20%).1 Three trials
were rated as risk equivalent for coronary artery
disease1 because they involved participants with
type 2 diabetes.30,34,35
Dietary pulse intake was not the sole intervention but was the dominant intervention used
to achieve the study goals in 3 trials.32,34,35 Beans
were the most common type of dietary pulse
used in the intervention diets (14 trials); peas
were used in 2 trials, chickpeas in 2 trials,
lentils in 1 trial and mixed pulses in 8 trials.
Dietary pulses were administered as flour in 3
trials, as whole foods in 18 trials and in a mixed
format (flour and whole foods) in 3 trials; the
median dose was 130 (range 50–377) g/d. The
background diet consisted of 39%–65% energy
from carbohydrates, 10%–35% from protein
and 20%–41% from fat. The median fibre

Reports identified through
literature search
n = 3080
•
•
•
•
•

MEDLINE n = 1028
Embase n = 1107
Cochrane Library n = 888
CINAHL n = 22
Manual searches n = 35

Excluded n = 3018
•
•
•
•
•
•
•
•
•
•
•
•

Duplicate report n = 1281
Animal or in vitro study n = 18
Book chapter n = 1
Commentary or editorial n = 5
Case report n = 82
Review paper n = 152
Observational study n = 263
Dietary pulse intervention not used n = 1160
Dietary pulse extract used n = 10
Unsuitable outcome measure n = 11
Acute or short-term study n = 8
Cointervention trial in which dietary pulses
were not emphasized n = 27

Reports reviewed in full
n = 62
Excluded n = 40
•
•
•
•
•
•
•
•
•
•
•
•
•

Review paper n = 1
Dietary pulse intervention not used n = 3
Dietary pulse extract used n = 2
Unsuitable outcome measures n = 7
Hypocaloric study n = 1
Acute or short-term study n = 3
Cointervention trial in which dietary pulses
were not emphasized n = 12
Soy used in control group n = 1
Nonrandomized study n = 4
No control group n = 3
Findings reported in unusable statistics n = 1
Full-text version not available n = 1
Authors could not be contacted n = 1

Included in meta-analysis
n = 22 (26 trials)

Figure 1: Selection of randomized controlled trials for the meta-analysis.
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Table 1: Characteristics of randomized controlled trials of the effect of dietary pulse intake on established therapeutic lipid targets
for cardiovascular risk reduction that were included in the meta-analysis*

Participants; country

Age, yr,
mean ± SD
(range)

Lipid-lowering
drugs used

Foods provided†
(pulse dose,
g/d‡)

Pulse type§
(and form¶)

Comparator

Duration of
follow-up

Abete et al.6

18 obese men; Spain

~37.1 ± 8.0

No

None (~90)

Mixed (whole)

No pulses

8 wk

Anderson et al. 22

20 men with HC; US

~54 ± 8.4

No

All (101)

Beans (whole)

Oat bran

3 wk

Anderson et al.17 (I)

6 men with HC; US

64 ± 2.4

No

Partial (~113)

Beans (whole)

No pulses

3 wk

Anderson et al.17 (II)

9 men with HC; US

57 ± 9

No

Partial (~113)

Beans (whole)

No pulses

3 wk

Anderson et al.17 (III)

9 men with HC; US

54 ± 9

No

Partial (~152)

Beans (whole)

No pulses

3 wk

Design; study
Parallel

Belski et al.23

93 (52 M, 41 F)
overweight or obese
patients; Australia

~46.6 ± 10

No

Partial (50)

Beans (flour)

Wheat

1 yr

40 (20 M, 20 F) healthy
patients; US

~37.4 ± 11

No

Partial (130)

Beans (whole)

Chicken soup

12 wk

Finley et al.25 (pre-MS)

40 (20 M, 20 F) with
pre-MS; US

~42.4 ± 10

No

Partial (130)

Beans (whole)

Chicken soup

12 wk

Gormley et al.37

53 healthy patients;
Ireland

Most 30–50

NR

Partial (~59)

Peas (whole)

Corn flakes

6 wk

114 women with
pre-MS; Canada

~51.2 ± 8.6

No

Partial (~81)

Mixed (whole)

No pulses

16 wk

No

None (~198)

Mixed (whole)

No pulses

8 wk

~57.9 ± 7.9

Yes

Partial (~64)

Beans (flour)

White bread

16 wk

121 (61 M, 60 F) with
type 2 diabetes; Canada

~59.5 ± 12.8

Yes

None (196)

Mixed (whole)

High-fibre
foods

12 wk

87 (30 M, 57 F);
Canada

59.7 ± 6.3

No

Partial (250)

Mixed (whole)

No pulses

8 wk

20 men with HC;
Australia

(29–65)

No

Partial (~377)

Beans (whole)

Spaghetti

4 wk

Finley et al.25 (H)

Gravel et al.26
Hermsdorff et al.8

30 (17 M, 13 F) obese
patients; Spain

Hodgson et al.33

74 (26 M, 48 F)
overweight or obese
patients; Australia

Jenkins et al.35

36 ± 8

Crossover
Abeysekara et al.36**
Cobiac et al.24
Duane et al.7
Jimenez-Cruz et al.34
Mackay et al.27
Marinangeli et al.38

9 healthy men; US

58 (41–78)

NR

All (~251)

Mixed (NR)

No pulses

6–7 wk

8 (sex NR) with type 2
diabetes; US

51 ± 3

No

None (NR)

Beans (whole)

High-glycemic
foods

3 wk

39 (22 M, 17 F) with
HC; New Zealand

~47 (28–66)

NR

Partial (80)

Beans
(whole/flour)

Low-fibre
foods

6 wk

23 (7 M, 16 F) overweight
or obese patients
with HC; Canada

~52.0 ± 10.6

No

All (~138)

Peas (flour)

White flour

4 wk

Pittaway et al.28

47 (19 M, 28 F);
Australia

53 ± 9.8

No

Partial (140)

Chickpeas
(whole/flour)

Whole
wheat

5–6 wk

Pittaway et al.29

27 (10 M, 17 F);
Australia

50.6 ± 10.5

No

Partial (140)

Chickpeas
(whole/flour)

Whole
wheat

5 wk

30 patients with type 2
diabetes; Iran

50.2 ± 3.8

No

Partial (50)

Lentils (whole)

No pulses

6 wk

23 (10 M, 13 F)
with HC; US

45.9 ± 10.6

No

Partial (~50)

Beans (whole)

Carrots

8 wk

16 (7 M, 9 F) with
mild IR; US

43 ± 12

No

Partial (~50)

Beans and
peas (whole)

Carrots

8 wk

Shams et al.30
Winham et al.31
Winham et al.20 (COM)††
Zhang et al.32 (IS)

36 men with IS; US

53.8 ± 7.6

No

All (250)

Beans (whole)

Chicken

4 wk

Zhang et al.32 (IR)

28 men with IR; US

55.5 ± 8

No

All (250)

Beans (whole)

Chicken

4 wk

Note: COM = multiple intervention arms combined for meta-analysis, H = healthy, HC = hypercholesterolemia, IR = insulin resistance, IS = insulin sensitivity,
NR = not reported, pre-MS = pre-metabolic syndrome, SD = standard deviation, US = United States, ~ = calculated values.
*Additional data are included in the unabridged version of this table (see Appendix 2, available at www.cmaj.ca/lookup/suppl/doi:10.1503/cmaj.131727/-/DC1).
†Partial = test food or some meals were provided.
‡Based on cooked weight; dry weight was converted to wet weight by multiplying 2.75.
§Mixed = more than 1 type of dietary pulse studied.
¶The form was either whole (intact pulses were consumed) or as flour (pulses were ground to a powder form and incorporated into baked foods).
**Analysis included data for 80 patients.
††This study had a crossover design with 1 control arm and 2 treatment arms (beans and peas). To mitigate unit-of-analysis error, we combined the 2 treatment
arms to create a single pairwise comparison, which we conservatively analyzed as a parallel trial for the overall analysis.
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not metabolically controlled (dietary advice was
offered) in 4 trials.
Thirteen of the trials had a crossover design.
Twenty-two trials were conducted in an outpatient setting, 2 in an inpatient setting and 2 in
a combination of settings. The median followup period was 6 (range 3–52) weeks. Funding of
the trials was from publicly funded agencies
alone (13 trials), a combination of agency and
industry sources (7 trials), and industry alone (4
trials); the source of funding was not clearly
stated in 2 trials.
According to the total methodologic quality
scores, 7 of the 22 reports were of high quality
(Appendix 3, available at www.cmaj.ca/lookup
/suppl/doi:10.1503/cmaj.131727/-/DC1). The
results of the risk-of-bias assessment are shown in
Table 2 and Appendix 4 (available at www.cmaj.ca
/lookup/suppl/doi:10.1503/cmaj.131727/-/DC1).

Gastrointestinal symptoms
Eleven trials provided data on gastrointestinal
symptoms reported by the participants. Upset
stomach was reported in 4 of the 11 trials, flatulence in 7, bloating in 6, diarrhea and constipation in 1 trial each and increased stool frequency
in 3 trials. Most of the studies reported that symptoms improved over the course of the dietary
pulse intervention. Only 2 trials had one or two
participants reporting gastrointestinal symptoms
as a reason for withdrawal from the study.26,29
Effect on lipid targets
Twenty-one reports (25 trials) provided data on the
effect of dietary pulse intake on LDL cholesterol
(Figure 2). Intervention diets significantly reduced
LDL cholesterol compared with control diets
(mean difference −0.17 mmol/L, 95% CI −0.25 to
−0.09 mmol/L); however, inter-study heterogeneity

Table 2: Results of assessment of the 22 reports for risk of bias*

Study
Abete et al.6
Abeysekara et al.36††

Sequence
generation†

Allocation
concealment‡

Blinding§

Incomplete
outcome data¶

Selective outcome
reporting**

Unclear

Unclear

Low

Low

Unclear

Low

Unclear

High

Low

Low

22

Unclear

Unclear

Low

Low

Unclear

Anderson et al.17

Unclear

Unclear

Low

Low

Unclear

Low

Low

Low

Low

Low

Anderson et al.
Belski et al.23
24

Cobiac et al.

Unclear

Unclear

Unclear

Low

Unclear

Duane et al.7

Unclear

Unclear

Low

Low

Unclear

Unclear

Unclear

Unclear

Low

Unclear

Unclear

Unclear

Unclear

Low

Unclear

Low

Low

Low

High

Low

Unclear

Unclear

Unclear

Low

Low

Finley et al.25
Gormley et al.

37

Gravel et al.26
Hermsdorff et al.8
Hodgson et al.33
Jenkins et al.35

Low

Low

Low

Low

Low

Unclear

Low

Low

Low

Low

Jimenez-Cruz et al.34

Unclear

Unclear

Unclear

Low

Unclear

Mackay et al.27

Unclear

Unclear

Low

Low

Low

Marinangeli et al.

38

Unclear

Unclear

Low

Low

Low

Pittaway et al.28

Unclear

Unclear

Low

Low

Unclear

Pittaway et al.29

Unclear

Unclear

Low

Low

Unclear
Unclear

30

Unclear

Unclear

Unclear

Low

Winham et al.31

Shams et al.

Low

Low

Unclear

Low

Low

Winham et al.20

Unclear

Unclear

Unclear

Low

Low

Unclear

Unclear

Low

Low

Unclear

Zhang et al.32
19

*The Cochrane risk-of-bias tool was used to assess the risk of bias for each study. High risk = methodologic flaw in study design was likely to have affected the
true outcome, low risk = the effect of the study’s methodologic flaw was deemed inconsequential to the true outcome, unclear risk = insufficient information was
given to assess risk.
†Assessed the randomization method and whether it would produce comparable groups.
‡Assessed whether investigators could tell to which treatment participants were going to be randomly allocated.
§Assessed whether investigators and/or participants were aware of group allocation.
¶Assessed whether missing outcome data, including loss to follow-up and exclusion from analysis, may have affected the true outcome.
**Assessed whether investigators pre-registered the trial or specified primary and secondary outcomes, or both.
††The results of this trial may have been influenced by another potential source of bias: participants in the dietary pulse arm were given both food and dietary
advice throughout the study, whereas participants in the control arm were simply told to keep following their usual dietary habits.
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was high (I2 = 80%). The sensitivity analysis did
not identify any of the studies as exerting undue
influence on the overall results. None of the findings from the a priori subgroup analyses could
explain the source of the inter-study heterogeneity.
The post-hoc subgroup analysis by sex, however,
showed that studies with more men tended to show
a greater reduction in LDL cholesterol than those
with more women, with a corresponding reduction
in the I2 value from 80% in our primary analysis to
53%. The post-hoc subgroup analysis by baseline
triglyceride levels did not show a significant effect.
(The findings from the subgroup analyses are
shown in Appendices 5, 6 and 7, available at www
.cmaj.ca/lookup/suppl/doi:10.1503/cmaj.131727//DC1).
Control
diet, n

Study

Intervention
Mean difference in LDL
diet, n
cholesterol (95% CI), mmol/L

Abete et al.6

10

8

–0.88 (–1.17 to –0.59)

Abeysekara et al.36

80

80

–0.23 (–0.43 to –0.03)

Anderson et al.17 (I)

6

6

–0.17 (–1.89 to 1.55)

9

9

–0.43 (–1.61 to 0.75)

Anderson et

al.17

(II)

Anderson et

al.17

(III)

9

9

–0.76 (–2.15 to 0.63)

Anderson et al.22

10

10

–0.25 (–0.86 to 0.36)

Belski et al.23

47

46

–0.03 (–0.13 to 0.19)

20

20

–0.02 (–0.27 to 0.23)

9

9

–0.31 (–0.56 to 0.06)

20

20

–0.17 (–0.31 to –0.03)

Cobiac et

al.24

Duane et al.7
Finley et al.25 (H)
Finley et

al.25

20

20

–0.22 (–0.38 to –0.06)

Gravel et al.26

54

60

–0.15 (–0.07 to 0.37)

Hermsdorff et al.8

15

15

–0.34 (–0.58 to –0.10)

37

37

–0.03 (–0.28 to 0.22)

61

60

–0.06 (–0.20 to 0.08)

8

8

–1.77 (–2.42 to –1.12)

Hodgson et

(pre-MS)

al.33

Jenkins et al.35
Jimenez-Cruz et al.34
Mackay et

al.27

39

39

–0.05 (–0.15 to 0.25)

Marinangeli et al.38

23

23

–0.13 (–0.18 to 0.44)

Pittaway et al.28

47

47

–0.18 (–0.28 to –0.08)

al.29

–0.20 (–0.36 to –0.04)

27

27

Shams et al.30

30

30

–0.02 (–0.02 to 0.06)

Winham et al.31

16

16

–0.13 (–0.31 to 0.05)

Winham et al.20 (COM)

23

23

–0.16 (–0.34 to 0.02)

Pittaway et

al.32

(IR)

36

36

–0.21 (–0.41 to –0.01)

Zhang et al.32 (IS)

28

28

–0.26 (–0.46 to –0.06)

684

686

–0.17 (–0.25 to –0.09)

Zhang et

Overall
Heterogeneity: I² = 80%

In the one trial that investigated the effect of
dietary pulse intake on apolipoprotein B,26 there
was no significant difference in effect between
the intervention and control diets (mean difference 0.02 g/L, 95% CI −0.04 to 0.08 g/L).
The effect of dietary pulse intake on nonHDL cholesterol was investigated in 20 reports
(22 trials), and the results are shown in Figure 3.
The effect between the intervention and the control diets did not differ significantly (mean difference −0.09 mmol/L, 95% CI −0.19 to
0.00 mmol/L); however, inter-study heterogeneity was very high (I2 = 98%). Sensitivity analyses showed that the pooled effect size became
significant when any of the 6 trials that favoured
the effect of the control diet6,8,22,23,26,38 was reFavours
dietary pulses

–2

–1

Favours
dietary control

0

1

2

Mean difference (95% CI), mmol/L
Figure 2: Effect of isocaloric exchange of intervention diets with dietary pulses for control diets without dietary pulses on low-density
lipoprotein (LDL) cholesterol. Data are expressed as mean differences in LDL with 95% confidence intervals (CIs). Values less than zero
favour intake of dietary pulses. COM = multiple intervention arms combined for meta-analysis, H = healthy, IR = insulin resistance, IS =
insulin sensitivity, pre-MS = pre-metabolic syndrome.
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moved. The use of a correlation coefficient of
0.25 did not alter conclusions, but a correlation
coefficient of 0.75 resulted in a significant reduction in non-HDL cholesterol favouring the
dietary pulse intervention.
In the a priori subgroup analyses, higher fibre
intake in the intervention arm than in the control
arm showed a significantly greater reduction in
non-HDL cholesterol. The post-hoc subgroup
analyses by sex and baseline triglyceride levels
did not show significant effects. (Results of these
subgroup analyses are shown in Appendices 7, 8
and 9, available at www.cmaj.ca/lookup/suppl
/doi:10.1503/cmaj.131727/-/DC1).
Publication bias
Inspection of funnel plots for evidence of publication bias and the Egger test result revealed
asymmetry favouring small studies with LDL
cholesterol–reducing effects (Appendix 10A,
Control
diet, n

Study

available at www.cmaj.ca/lookup/suppl/doi
:10.1503/cmaj.131727/-/DC1). Both the Begg test
and the trim-and-fill method, however, showed no
significant evidence of undue small-study effects
on the pooled LDL cholesterol estimate. None of
the other outcomes showed significant evidence of
publication bias (Appendix 10B).

Interpretation
Our meta-analysis included data from 26 RCTs
of the effect of dietary pulses (beans, chickpeas,
lentils and peas) on established therapeutic lipid
targets for cardiovascular risk reduction in 1037
predominantly middle-age, normolipidemic or
hyperlipidemic adults at moderate risk of coronary artery disease. The pooled analyses suggested a significant reduction in LDL cholesterol
of 0.17 mmol/L at a median dose of 130 g/d of
pulses (about 1 serving daily) over a median fol-

Intervention Mean difference in non-HDL
diet, n
cholesterol (95% CI), mmol/L

Abete et al.6

10

8

0.49 (0.31 to 0.67)

Abeysekara et al.36

80

80

–0.21 (–0.23 to –0.19)

Anderson et al.17 (I)

6

6

–0.60 (–2.78 to 1.58)

Anderson et al.17 (II)

9

9

–0.99 (–1.87 to –0.11)

Anderson et

al.17

(III)

Anderson et al.22
Belski et

al.23

9

9

–0.60 (–1.93 to 0.73)

10

10

0.48 (0.10 to 0.14)
0.12 (0.10 to 0.14)

47

46

Cobiac et al.24

20

20

0.01 (–0.07 to 0.09)

Duane et al.7

9

9

–0.17 (–0.31 to –0.03)

Gormley et al.37

28

25

–0.50 (–0.60 to –0.40)

Gravel et al.26

54

60

0.19 (0.15 to 0.23)

Hermsdorff et al.8

15

15

0.36 (0.26 to 0.46)

37

37

0.01 (–0.03 to 0.05)

61

60

–0.11 (–0.27 to 0.05)

Hodgson et

al.33

Jenkins et al.35
Jimenez-Cruz et al.34

8

8

–1.47 (–1.78 to –1.16)

Mackay et al.27

39

39

0.05 (–0.03 to 0.05)

Marinangeli et al.38

23

23

0.06 (0.00 to 0.12)

Pittaway et al.28

47

47

–0.21 (–0.27 to –0.15)

Pittaway et al.29

27

27

–0.22 (–0.32 to –0.12)

Shams et al.30

30

30

–0.34 (–0.38 to –0.30)

Winham et al.31

16

16

–0.26 (–0.32 to –0.20)

Winham et al.20 (COM)

23

23

–0.13 (–0.21 to –0.05)

608

607

–0.09 (–0.19 to 0.00)

Overall
Heterogeneity: I² = 98%

Favours
dietary pulses

–2

–1

Favours
dietary control

0

1

2

Mean difference (95% CI), mmol/L
Figure 3: Effect of isocaloric exchange of intervention diets with dietary pulses for control diets without dietary pulses on non–highdensity lipoprotein (non-HDL) cholesterol. Data are expressed as mean differences in non-HDL with 95% confidence intervals (CIs). Values less than zero favour intake of dietary pulses. COM = multiple intervention arms combined for meta-analysis.
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low-up of 6 weeks. We found no significant effect
of dietary pulse intake on apolipoprotein B and
non-HDL cholesterol. Most of the studies reported that gastrointestinal symptoms improved
over the course of the dietary intervention.
We analyzed the effect of dietary pulse intake
on all established lipid risk factors for coronary
artery disease, including LDL cholesterol,
apolipoprotein B and non-HDL cholesterol. The
observed reduction in LDL cholesterol is consistent
with that reported in 2 previous meta-analyses;39,40
however, we limited our analysis to RCTs with at
least 3 weeks of follow-up, in conformity with US
Food and Drug Administration guidelines.16
We found significant inter-study heterogeneity
in our pooled analysis of the effect of dietary pulse
intake on LDL cholesterol. Although none of our
a priori subgroup analyses could explain the
source of the heterogeneity, our post-hoc subgroup
analysis by sex showed that there was a greater
reduction in LDL cholesterol in studies with more
men. Men may respond more favourably because
they tend to have higher levels of LDL cholesterol
than pre- and postmenopausal women of similar
age taking hormone replacement therapy, and they
tend to have poorer dietary habits and thus better
responses to healthier diets. Although sex was
found to have a significant modification of effect
on LDL cholesterol, the level of inter-study heterogeneity was still substantial; future analyses are
needed to explore other sources of heterogeneity.
Despite the high level of inter-study heterogeneity, the effect of dietary pulses on LDL cholesterol should not be underestimated. A previous meta-analysis of 19 trials involving more
than 18 000 participants showed that trials of
statins and those of non-statins including dietary
interventions had a similar 1-to-1 association
between LDL cholesterol and cardiovascular
mortality.41 That is, a 1% reduction in LDL cholesterol translated to a 1% reduction in cardiovascular mortality. Therefore, the reduction of
5% observed in our meta-analysis suggests a
potential risk reduction of 5%–6% in major vascular events.42 This is important especially for
patients with hypercholesterolemia who prefer
dietary approaches to managing their cholesterol
levels or for those who cannot tolerate statin
therapies. Finally, the mean differences in LDL
cholesterol between the intervention and control
diets in most of the trials (23 of 25) fell within
the 95% CI of the pooled estimate, which suggests robustness in our data and increasing confidence in our conclusions.
Our findings regarding non-HDL cholesterol
were complicated by a very high level of heterogeneity. The a priori subgroup analysis found a
significant reduction in non-HDL cholesterol
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when the intervention arm had greater fibre
intake than the control arm. Diets high in fibre
have been shown to reduce non-HDL cholesterol43 and have been inversely associated with
cardiovascular disease risk.44 However, a substantial amount of heterogeneity remained unexplained. In the sensitivity analysis, recalculation
of the effect size after the removal of any of the
6 trials that favoured the effect of the control
diet showed a significant reduction in non-HDL
cholesterol. However, there were no unique
characteristics common among these trials that
would lead us to believe that there was bias in
these analyses.
Limitations
Our study has limitations. First, most of the trials
were of low methodologic quality, were shorter
than 3 months and did not report enough data to
judge risk of bias. In addition, only one trial each
reported apolipoprotein B and non-HDL cholesterol values for participants.
Second, publication bias was a possibility.
Although we observed plot asymmetry and a
significant Egger test result favouring smallstudy effects on LDL cholesterol, the Begg test did
not show similar findings, and the trim-and-fill
method did not show significant evidence of undue
small-study effects on our estimate. Four RCTs
involving a total of 307 participants at low and
high risk of cardiovascular disease with a followup of 6–12 weeks are underway (ClinicalTrial.gov
registration nos. NCT01562171, NCT01661543,
NCT00800033 and NCT01114399). Their findings will contribute to the evidence on the effect
of dietary pulse intake on lipid risk factors for
cardiovascular disease. They may also address
some of our concerns about publication bias.
Conclusion
Our findings have implications for cardiovascular
health. Dietary pulse intake resulted in a modest
reduction in LDL cholesterol of 0.17 mmol/L
(equivalent to a reduction of about 5% from baseline). The median dietary pulse intake was
130 g/d (about 1 serving daily), which may prove
challenging in some Western countries given that
the current median intake level in the United
States is 0.2 servings daily,45 and in Canada only
13% consume dietary pulses on a given day, with
a median intake of only about 0.5 servings daily
among those who do consume them.46 However,
this intake level is reasonable and is currently
consumed by many cultures without reports of
adverse effects that would limit consumption.
Because most of the trials in our meta-analysis
were conducted on a background of heart-healthy
diets (e.g., more than 20–25 g/d of fibre and less

Research
than 10% energy from saturated fat), the 5%
reduction in LDL cholesterol observed with the
dietary pulse diets can be considered in addition
to the 5%–10% reduction in LDL cholesterol
expected from the heart-healthy diets alone.47
However, because most of the trials were of low
methodologic quality and short duration, and
because our analyses of apolipoprotein B and
non-HDL cholesterol were limited in the number
of studies reporting these values, longer, betterdesigned trials are needed, particularly ones that
will assess apolipoprotein B and non-HDL cholesterol. Because dietary pulse intake may have
beneficial effects on other cardiometabolic risk
factors, including body weight, blood pressure
and glucose control,48 future systematic reviews
and meta-analyses should evaluate the effects of
such dietary interventions on these outcomes and
others, to address factors that contribute to residual cardiovascular disease risk.
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